COLICINE K : VI. THE IMMUNE RESPONSE OF HORSES TO A COLICINOGENIC STRAIN OF ESCHERICHIA COLI by Goebel, Walther F. & Staub, Anne Marie
COLICINE K 
VI.  THE IMMD'NE RESPONSE O~" HORSES TO A COLICINOGENIC  STRAIN 
OF ESCIIERICHIA  COLI* 
BY WALTHER  F. GOEBEL,  ProD., AND ANNE  MARIE  STAUB,  D.Sc. 
(From The Rockefeller University and the Institut Pasteur, Paris) 
(Received for publication, May 26, 1965) 
The  antigenic mosaic of the colicine K-producing bacillus Ezcherichia  coli 
K235 is readily manifested in the immune response of rabbits which have been 
injected with living bacilli. As of now three components of the microorganism 
have been  characterized by immunological means,  two  of which have been 
isolated in a state of purity. One is colanic acid, a uronic acid-containing poly- 
saccharide which encapsulates the mucoid variant of the bacillus (1). The other 
is the O  antigen, a  lipopolysaccharide-protein complex which endows the or- 
ganism with type specificity. It is this substance, too, which is identical with 
the colicine, for in its purified form the O antigen functions as a potent bacteri- 
cidal agent (2).  It is  possible  to  dissociate  this  substance  into  its  lipopoly- 
saccharide  and  protein  components,  and  when  this  be  done  it  has  been 
found that the latter constituent bears all of the bactericidal properties of the 
original molecular complex. Still a third antigenic component is elaborated by 
this bacillus, the so called L  antigen (3).  As yet this substance has not been 
isolated, but its presence  on the cell surface has been demonstrated beyond 
question by serological means (1). 
E.  coli  K235  elaborates  still another  and very remarkable polysaccharide 
which we have named colominic acid. This product of microbial synthesis, first 
found  in  our  laboratory,  is  a  polymer  of  N-acetyl  neuraminic  acid  (4). 
Until now it has not been possible to obtain antibodies to this substance in the 
usual laboratory animals. The sera of rabbits which have been injected, even 
over long intervals, either with the colicinogenic bacterium itself or with the 
purified polysaccharide,  are  invariably devoid  of  precipitins.  Subsequently, 
other investigators have found that several diverse microorganisms elaborate 
complex sialic acid-containing polysaccharides which do indeed possess sero- 
logical activity (5). 
* The work presented in this communication was begun at the Institut Pasteur,  Paris in 
the Department of Dr. Antoine Bonnefoi and was continued at the Rockefeller University. It 
was supported in part  by Grant No. AI-03153  from the Department  of Health, Education 
and Welfare, United States Public Health Service, National Institutes of Health, Bethesda, 
Maryland. 
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Because an equine immune response  to a  bacterial antigen is frequently less 
specific  than  a  leporine  response  (6),  we  have  undertaken  to  immunize  two 
horses  with  the  colicinogenic  bacillus  E.  coil  K235  in  order  to  study  the 
characteristics  of  their  antisera  and  to  compare  them  with  those  of  rabbits. 
From that which follows, it will be seen that horses readily gave rise to colicine 
K-precipitating  antibodies  and  that  the  sera  of  both  animals  neutralized 
this colicine. In addition,  one serum neutralized  the heterologous colicine I. It 
will be shown,  furthermore,  that both animals produced antibodies which pre- 
cipitated colanic acid and colominic acid as well. Thus  the immune response of 
horses to a  colicinogenic strain of E. coli differs from that of rabbits in that the 
specificity  of  their  bacteriocine-neutralizing  immune  bodies  is  broader.  In 
addition,  horses, unlike rabbits,  produce antibodies which precipitate the sialic 
acid-containing polysaccharide,  colominic acid. 
Materials  and Methods 
Bacterial  Strains.--The  colicine K-producing strain of E. coli used in this study for the 
immunization of horses and rabbits was the mucoid variant of E. coU K235 L+O(m)  used 
in previous investigations (1-2). 
Some eighty different strains  of enteric microorganisms, nearly all E. coli, which elabo- 
rated  a  variety of different colicines, were employed to test the neutralizing ability of the 
colicine  K  immune  sera  obtained  both  from  horses  and  hyperimmunized  rabbits.  These 
strains  were given us by Dr.  Pierre Fredericq of the  University of Liege. We are grateful 
indeed to him for his great generosity and for making this study possible.  The colicine type 
which each strain produced was of course ascertained in Dr. Fredericq's laboratory. 
E. coli B and E. coli K12 were employed as indicators for collcine assays. The latter was 
used to detect colicine I because it is more sensitive than is E. coli B. 
Vaccines.--The mucoid strain E. coli K235 L+O(m) used for the immunization of horses 
and rabbits was grown in nutrient broth containing 0.1 per cent glucose to a concentration 
of 4 )< 100 B/ml. The culture was divided into three parts. One was used as such; the second 
was concentrated by centrifugation to 8 X  10  ~ B/ml; the remaining portion was treated with 
chloroform to kill the microorganisms. The bacteria were then separated  by centrifugation 
and resuspended in fresh broth. Aliquots of each portion were now distributed in a series of 
sterile ampules which were stored at  --18°C. For each administration of vaccine, fresh am- 
pules of living or killed cells, as the case might be, were employed. In this way the two horses 
always received cells which were essentially in the same physiological condition. 
The vaccine used for the immunization of rabbits was a frozen, chloroform-killed bacterial 
suspension containing 5 X  101° B/m1. This too was subdivided and kept in the frozen state. 
Precipitinogens.--The  colicine K, colominic acid, and colaslic acid used in the precipita- 
tion reactions were highly purified substances  prepared  as previously described.  The colo- 
minic acid was uncontaminated with colicine K  or with colanic acid. 
Immunization of Rabbits.--In order to produce high potency collcine K-neutralizing anti- 
sera in rabbits,  animals were injected intravenously with increasing doses  of a  chloroform- 
killed culture of E. coti K235 L+O(m), following in the initial stages a schedule previously 
described (7).  As one will see later sera of very high neutralization titer could be obtained 
by continuing the administration of vaccine over a long interval. Thus a total of ten courses 
of injections was given over a 5 month period. A course consisted of three intravenous injec- 
tions given on alternate days, followed by a  week of rest.  During the last six courses the 
average dose of chloroform-killed bacilli administered  was 4  X  I0  a° B/ml.  Bleedings were WALTHER  I  ~. GOEBEL  AND  ANI~-E MARIE  STAIJB  893 
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made after the 3rd, 6th, and 10th (last)  courses of injections. In each instance the blood was 
drawn 1 week after the last intravenous administration of vaccine. 
Immunization of Horses.--The immunization of two horses with the mucoid variant of 
the colicine K-producing  strain E. coli K235 L+O(m) was carried out at the Institut Pasteur 
in Paris over a period of 9 months. The immunization was performed under the skillful super- 
vision of M. Ren~ Lamy. We are indeed indebted to him for his kindness and for his generous 
cooperation. A resumd of the immunization schedule is shown in Table I. 
The two horses, weighing approximately 400 kg each, received three courses of injections 
over many weeks. At the beginning of the first course both animals were given increasing 
doses of chloroform-killed bacilli,  beginning with an intravenous injection of 4  X  109  bac- 
teria and ending with one of 2 X  1011. These the animals tolerated well for they suffered no 
untoward reactions. Following the initial series of injections, the one animal (No.  244) con- 
tinued to receive killed bacteria throughout the immunization period, the other (No.  247) 
received increasing doses of viable cells. These did not serve well, however, for on frequent 
occasions the animal suffered severe malaise following  the injections. Some 5 months after 
its initial dose,  this animal had lost much weight (50 kg). Immunization was therefore dis- 
continued but was resumed 4  months later, employing chloroform-killed bacilli  during the 
fraal course. 
Colicine Neutralization Tests.--The technique used to determine the colicine K  neutraliza- 
tion titer of a given serum was as follows. 
Method 1:0.4 ml samples of the antiserum to be tested were added to tubes containing 
2.5 ml of molten 0.7 per cent nutrient agar at 50°C.  These were then seeded with 5  ×  107 
cells of the sensitive strain E. coil B. The mixture was poured upon the surface of Petri dishes 
containing 18 ml of 1.5 per cent nutrient agar and permitted to solidify.  The bottom of the 
plates had been previously marked into 8 pie-shaped segments. In the center of each, on the 
agar surface, was now deposited 0.02 mi of serial dilutions in broth of eolicine K  containing 
from 16,000 to 31 gg per ml. After the droplets had dried the plates were incubated for 6 
hours at 37°C  and then read. The dilution containing the highest concentration of colicine 
which still showed complete neutralization of antibacterial activity (ie. no inhibition of growth 
of E. coli B) was taken as the end point. 
Method g:  A second and very effective technique was devised to test the ability of a coli- 
cine K  antiserum to neutralize the bacteriocine elaborated by colonies of the various het- 
erologous colicinogenic  strains at  hand. The method is  as follows:  Nutrient  agar  (1.5  per 
cent) plates were subdivided on the back of each plate into 8 equal segments and a dot was 
marked in the center of each segment. 0.05 ml of the immune serum to be tested was now 
deposited on the agar surface above alternate dots. 0.05  ml of the normal serum, obtained 
prior to the immunization of the animal, was placed on the remaining segments. The sera, 
after drying, covered an area some 12 mm in diameter. 
Each pair of segments was now seeded by puncturing the agar at the site of the dots with 
a platinum wire seeded with an 8 hour broth culture of the collcinogenic  strain to be tested. 
The plates were then incubated for 14 hours and the bacterial colonies then killed by exposure 
to chloroform vapor. The colonies were now sealed by placing 0.1 mi of molten 0.7 per cent 
nutrient agar seeded with the indicator strain over each. This served to keep the collcinogenic 
bacilli in place. Thirty minutes later the plates were overlayered with  7.0 ml of soft agar 
(0.7 per cent) seeded with 1 ×  l0  s cells of the indicator strain. After 6 hours of incubation 
at 37°C  the plates were examined by projecting their magnified image on a  piece of milli- 
meter paper. Thus the area of inhibition of growth of the sensitive test organism could be 
readily measured. Any diminution in size greater than 25  per cent was regarded as signifi- 
cant, and the strain would then be studied further. 
In this manner, a  pair of segments su~ced to test the ability of any immune serum to 
neutralize the colicine elaborated by any given bacterial strain. The one segment containing WALTHER  F.  GOEBEL  AND  ANNE  MARIE  STAIYB  895 
the normal serum served as control. The other, containing the immune serum, served as the 
site to test the latter for its ability to neutralize the colicine as it was elaborated into the 
surrounding medium by the growing colony. 
Fractionation of the Neutralizing  Antibody.--Since  the colicine K-neutralizing  antibody 
titer of the two horse sera was weak in comparison to that of the hyperimmune rabbit anti- 
sera,  the antibodies of the former were concentrated in the following way.  200 ml of each 
antiserum (2nd bleeding, horse 244; 1st bleeding, horse 247) was diluted with an equal volume 
of saline, and the euglobulin was twice precipitated at 35 per cent saturation with ammonium 
sulfate. The solutions were dialyzed at 4°C against saline until free of sulfate ions and then 
concentrated to 20 ml by surrounding the dialysis sack with polyethylene glycol (carbowax, 
Union Carbide,  New  York).  The antibody solution was  sterilized by filtration through a 
Milh'pore filter. For purposes of comparison the globulin fraction of the normal bleedings of 
the two horses was prepared. 
Both antibody solutions readily neutralized colicine K  and that derived from horse serum 
244 neutralized colicine I  as well. The latter was therefore employed in the neutralization 
tests of the various colicine I-producing strains and for the retesting of many heterologous 
colicinogenic strains as well. 
Precipitin  Reactions.----Quantitative precipitation reactions of the sera obtained from the 
horses at various intervals were carried out by the classical technique of Heidelberger  (8) 
employing purified colicine K  as the precipitinogen. The presence of precipitins for colanie 
and colominie acids in the same sera was  ascertained qualitatively, using the two highly 
purified polysaccharides as precipitinogens. The agglutination titers were carried out in the 
conventional manner using the  homologous  organism E.  co~ K235  L+O(m)  as  the  test 
antigen. 
EXPERIMENTAL 
The Response of Horses to E. coli K235 L +  0  (m) 
Precipitins  for colicine K: Our previous studies on the immune response of 
rabbits to the colicine K-producing  strain of E. coli K235 have revealed that 
this  species  readily  produces  coliclne  K-precipitating  and  neutralizing  anti- 
bodies  (2,  7).  In addition,  some  25 per cent  of all immunized rabbits  (hare 
brown strain) yield precipitins to colanic acid (1), but none to colominic acid 
(2). 
A  careful assay d  the various bleedings of the two horses has shown that 
they  too give  rise both  to precipitins for colicine K  (Fig.  I)  and,  as  will be 
shown later,  to colicine-neutralizing  antibodies  as  well  From the figure it is 
seen that as the immunization proceeded the concentration  d  precipitins in- 
creased. However, the animal which had received living cells (No. 247) showed 
a marked fall off in precipitating antibody following its initial course of immun- 
ization  with killed  cells,  a  phenomenon  which no doubt  was  related  to  the 
severe malaises from which the animal suffered. It was not until this beast had 
been rested for 4 months and was then reinjected with the less noxious chloro- 
form-killed bacilli that it produced considerable amounts d  precipitins. At no 
time did this animal yield more than weak neutralizing antibodies, an experi- 
ence not uncommon with rabbits. 
Agglutinins:  The seraof both horses agglutinated intact E. col1235 KL+O(m) 896  COLICINE K. VI 
and boiled (1  hour)  cells  as well.  The results of  the  agglutination tests are 
presented in Table II. In the data shown here the sera taken from the final 
bleeding of the two animals were tested for their ability to agglutinate heated 
and unheated suspensions of E. coli K235 L+O(m). It can be seen that un- 
heated cells, in which the O antigen is masked by the thermolabile L  antigen 
(3)  and the serologically active capsular polysaccharide colanic acid (1),  are 
agglutinated only at high concentrations of the anfisera (1:160).  This agglu- 
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Fie. 1. Quantitative preclpitin reactions of sara of horses immunized with E. co//K235 
L+O(m). The numbered curves represent the 1st, 2nd, and 3rd bleed~gs respectively. 
finafion reflects the interaction between the encapsulating colanic acid and the 
L  antigen with their respective  immune  bodies.  A  similar  phenomenon  has 
already been reported with rabbit immune sera (1). 
Boiled bacterial cells,  in which the L  antigen and colanic acid have been 
destroyed are, on the other hand, agglutinated at high dilutions of the anfisera 
(1:6400).  In cells so treated it is only the thermostable O antigen which par- 
ticipates in the immune reaction. 
Colanic and color~inic acid precipitins: The sera obtained from the bleedings 
of the two horses were tested for their ability to precipitate both colanic acid, 
the  capsular  polysaccharide of  E.  coli  K235  L+O(m),  and  colominic acid 
(Table III). It may be seen from the table that precipitins for colanic acid are WALTHER  F.  GOEBEL  AND  ANNE  MARIE  STAUB  897 
readily formed by both animals, and that these antibodies persist throughout 
the immunization period. During the early part of the immunization program 
neither horse responded to the colominic acid component of the immunizing 
bacillus E.  coli K235 L+O(m),  for the test bleedings gave no precipitation 
reactions with this substance. Upon continuing the immunization, however, it 
was observed, much to our surprise,  that the sera of both animals  now con- 
tained antibodies which precipitated purified colominic acid. This is in marked 
contrast  to  the  response  of rabbits,  which  at  no  time  elicit colomlnic acid 
precipitins. 
TABLE II 
AggluEnaaw~ of F~. coli K235  L+O(m)  in  Homologous Horse Antisera 
Serum No.  E. coU K235 L+O(m) 
Final dilution of antiserum 
1:10  1:20  1:40  1:80  1:160  1:320 
244  Unheated  3  3  3  2  [  1  0 
247  3  4  4  4  I  2  0 
1:400  1:800  1:1600  1:3200  1:6400  1:12,800 
244  Heated*  4  4  4  3  [  1  0 
247  4  4  4  4  I  2  0 
4 ffi Complete agglutination, clear supernate, 2 -- partial agglutination, 0 ffi no aggluti- 
nation. 
* ffi I hour at 100°(2. 
Colicine-neutralizing  antibodies:  The neutralization titers of these same sera 
were determined by the procedure described under Method 1. The results are 
summarized in Table IV. For purposes of comparison the titers of the sera of 
six rabbits, taken at different times during their long immunization period, are 
also listed. Here it can be seen that at no time did the fiter of either horse serum 
rise to any great height. The neutralization of 100  units of colicine K  was the 
highest had. In contrast to this, rabbits gave an excellent immune response, 
but only after prolonged immunization with massive doses of bacilli. From the 
data presented in the table it is apparent that a truly potent rabbit antiserum 
is one which will neutralize some 12,000 units of colicine K. 
Despite the  relatively low neutralization titer  of the  serum of horse 244, 
taken at the end of its second course of immunization, it was possible to enhance 
its potency by fractionating out the immune globulins as previously described. 
This antibody solution, which neutralized 800 units of colicine K, was used in 
the neutralization experiments of heterologous colicine types described below. 
In these experiments the technique described under Method 2 was employed. 898  COLICINE  K.  VI 
Fifteen different colicine K-producing strains of E. coli and one of Salmonella 
typhimurium  were first tested.  In all instances the colicine elaborated by the 
growing colony into the surrounding agar was neutralized at the point of seed- 
ing by the immune sera of both horses and by the antibody solution as well. The 
six highly potent rabbit anticolicine K  immune sera behaved similarly. In no 
instance did the normal bleedings of any of the animals show neutralization of 
colicine K. 
TABLE III 
Precipitation of Colanlc and Colominic Acids in Sera of Horses Immunized with E. coli K235 
L +O(m) 
Senun No. 
244 
247 
Bleeding 
1st 
2nd 
3rd 
1st 
3rd 
Test antigen 
Ca 
Co 
Ca 
Co 
Ca 
Co 
Ca 
Co 
Ca 
Co 
1:2,000 
Final dilution of test antigen 
1 : 10,000  1:50,000  1:250,000  1:1,250,000 
1 
½ 
½ 
2 
4 =  Heavy disk-like precipitate, clear supernate, 2 =  partial precipitation, 
precipitation. 
Ca -- Colanic acid, Co =  colominic  acid. 
=  trace of 
These same sera were now tested against a great number of different heterol- 
ogous colicinogenic strains.  In all,  sixteen  different E.  coli strains producing 
colicine B, 3 colicine V, 4 colicine E1 +  I, 2 colicine E~ +  I, 1 colicine D, 1 coli- 
cine H, 1 colicine G, 6 colicine El, 2 colicine E2 +  F, 2 colicine V +  B, and 3 
colicine Ea +  V-producing strains were tested against the two horse anfisera, 
their concentrated euglobulin, and the potent rabbit antisera. In addition, the 
normal sera of these animals were also tested. In no instance was any significant 
neutralization of the heterologous colicines observed, However, the bacteriocine 
from nine colicine I producers was partially neutralized by the unconcentrated 
serum of horse 244, though not by the rabbit anfisera. This diminution in the 
zones of inhibition of growth of the sensitive indicator strain,  E.  coli B, sur- 
rounding the various colicine I-producing colonies, lead to further investigation. WALTHER  ~F.  GOEBEL  AND  ANNE  MARIE  STAUB  899 
Subsequently  it  was  found  that  our  laboratory strain  of  E.  coli  K12  was 
more susceptible to colicine I  than was E. coli B, so this bacillus was now used 
as the indicator strain.  Furthermore,  it was  observed that  by employing the 
10-fold concentrated euglobulin fraction of the immune horse serum the effect 
was  far more pronounced.  A  similar concentrate  from  the normal bleeding of 
this  animal  was,  however,  without  effect,  nor  did  any  of  the  very  potent 
colicine  K-neutralizing  rabbit  sera  exhibit  an  effect.  Finally,  thirteen  new 
colicine I-producing  strains  of  E.  coli,  eight  of  which  were  obtained  from 
cases  of  infantile  gastroenteritis, were  sent  us  by  Dr.  Fredericq.  In  all  in- 
TABLE IV 
Neutralization  Titer of Sera  of Horses  and  Rabbits Immunized  with  E.  coli K235 L+O(m) 
Units of colicine K  neutralized  by serum taken after course number* 
Serum No. 
I  II 
244 (Horse) 
247 (Horse) 
24 (Rabbit) 
26 (Rabbit) 
28 (Rabbit) 
30 (Rabbit) 
100 
4 
m 
III  VI 
100 
20 
2OO  4O0 
25  400 
100 
4OO 
X 
3,200 
1,600 
800  12,800 
12,800  12,800 
* A unit of colicine is defined  as the minimum  amount of bacteriocine contained in a 
solution 0.02 ml of which, when deposited upon a nutrient agar plate seeded with 5 )<  107 
E. coli B/ml, will completely inhibit growth of the test microorganism.  Our various prepa- 
rations of colicine K are remarkably uniform in their bactericidal activity. As a rule, a solution 
containing 1.25 /zg/ml. will completely inhibit growth of E.  coli B,  and hence  contains 1 
unit/ml. 
stances the colicine elaborated by  their  growing  colonies was  neutralized  by 
the  anticolicine  K  immune  horse  globulin,  but  not  by  the  potent  rabbit 
sera. 
A  typical experiment  is  illustrated  in  Fig.  2  where  a  negative  projection 
image of the Petri dishes is shown. It can be seen that in all cases the colicine I 
elaborated  by  the  colicine  of  six  of  twenty-two  different  strains,  chosen  at 
random,  is  neutralized  by  the  antibody  solution  of  horse  244  (H),  but  not 
by  the  concentrated  euglobulin  of  the  normal  bleeding  (N),  or by  a  potent 
colicine K-neutralizing rabbit antiserum  (R). 
This  experiment demonstrates  without  question  that  there  is an  immuno- 
logical  relationship  between  colicine  K  and  colicine  I.  This  cross-reactivity 
can in all probability be attributed to a  similarity in the chemical structure of 
the  two  colicines, which  in  turn  manifests  itself in  the  neutralizing antibody 
response of the horse. 900  COLICINE  K.  VI 
c'4  0  o 
,n 
°~ WALTHER  F.  GOEBEL  AND  ANNE  MARIE  STAUB  901 
DISCUSSION 
The colicines  ever since their  discovery have been regarded as agents pos- 
sessed of remarkable specificity.  Thus Fredericq (9) has shown that when a 
nutrient agar plate containing a few killed  colonies of a colicinogenic  micro- 
organism is overlayered with soft agar containing cells  of a susceptible bac- 
terium, such as E. coli B, a  bacillus which is sensitive to many different coli- 
cines,  colonies  develop in  the  zones  of inhibition  of growth.  On  subsequent 
cultivation it is found that these bacilli are resistant to  the  bacteriocine  elab- 
orated by the colicinogenic organism in question,  but  to no other colicine. If 
this same experiment is repeated, now using a  bacterium which  elaborates a 
different colicine type, one obtains a  second variant of the host cell which is 
now resistant to both bacteriocines. And so the experiment may be continued 
until one finally has a  variant of the original E. coli B  which is resistant to a 
host of different colicines. At no time, however, did the acquisition  of resist- 
ance to a given collcine endow the host cell with resistance to another bacterio- 
cine. In this respect the concept of the specificity of the  colicines may be re- 
garded as inviolable. 
The results of the experimental work reported here have given us our first 
evidence this need not necessarily be true.  To be sure, potent anticolicine K 
immune rabbit sera are incapable of neutralizing the variety of different coli- 
cines elaborated by the many strains tested. Yet an antibody fraction derived 
from the  serum  of one  of our horses  (No.  244),  which  contained  a  not-too- 
potent complement of colicine K-neutralizing antibody,  neutralized,  in addi- 
tion to colicine K, the colicine I  elaborated by 22 different bacterial strains. 
Here is the first inkling  that  two different colicine types can cross-react and 
hence must share some common chemical structure  which  is reflected in the 
immune  response  of  the  experimental  animal.  The  ramifications  of  this  ob- 
servation are apparent,  and will no doubt be pursued by us in due course. 
In conclusion, it has been gratifying to learn that the horse, if not the rabbit, 
can elicit a specific precipitinogen for colominic acid. Until now it has not been 
possible to evoke antibodies to this substance in laboratory animals, and hence 
its immunobiological role has been enigmatical. This is no longer the case, for 
we have shown  that horses will indeed respond  to the stimulus  of colominic 
acid as it occurs in the bacterial cell.  This substance may now be ranked with 
the other sialic acid-containing carbohydrates in that it too, under appropriate 
conditions,  can function  both as an antigen  and a  hapten. 
CONCLUSION 
1.  The immunization of horses with the colicinogenic bacillus E. coli K235 
L  +  O(m)  stimulates antibodies which precipitate and neutralize colicine K 
and neutralize  the heterologous  colicine I  as well. 902  COLICINE K.  vi 
2.  Unlike rabbits, horses evoke precipitating antibodies for the sialic acid- 
containing polysaccharide colominic acid. 
The authors wish to thank Miss Rose Sapelli and Mrs. Thomas Schleich who have ren- 
dered valuable technical assistance throughout the course of this work. 
BIBLIOGRAPHY 
1.  Goebel, W. F., Colanic acid, Proc. Nat. Acad. Sc., 1963, 49, 464. 
2.  Goebel, W.  F., Barry, G.  T.,  Jesaitis,  M.  A.,  and  Miller,  E.  M.,  Colicine  K, 
Nature,  1935, 176, 700. 
Goebel, W. F., and Barry, G. T., Colicine K  II. The preparation and properties 
of a substance having colicine K activity, J. Exp. Med., 1958, 107, 185. 
3.  Kauffmann, F., Enterobacteriaceae, Copenhagen,  Enjar Munksgaard,  1954, 164, 
171. 
4.  Barry, G. T., and Goebel, W.  F.,  Colominic acid,  a substance of bacterial origin 
related to sialic acid, Nature,  1957, 179, 206. 
Barry, G.  T.,  Colominic  acid,  a  polymer of N-acetylneuraminic acid,  J.  Exp. 
Med.,  1958, 107, 507. 
Barry, G. T.,  Tsal, T., and  Chen,  F.  P.,  Chemical  and serological relationships 
of certain bacterial polysaccharides containing sialic acid, Nature, 1960, 185, 597. 
5.  Watson,  R. G., and Scherp, H. W., The specific hapten of group C  (Group  IIa) 
Meningococcus. I. Preparation and immunological behavior, J. Immunol., 1958, 
81, 331. 
Watson,  R.  G.,  Marinetti,  G.  V.,  and  Scherp,  H.  W.,  The  specific hapten  of 
group C (Group IIa)  Meningococcus II. Chemical nature, ].  Immunol.,  1958, 
81, 337. 
Westphal,  O., Kauffmann, F.,  Liideritz,  O.,  and Stierlin, H.,  Zur Immunchemie 
der  O-Antigene  yon  Enterobacteriaceae  III.  Analyse  der  Zuckerbausteine 
kreuzreagierender Salmonella-,  Arizona-  und  Escherichia-  O-Antigene,  Zentr. 
Bakteriol. Parasttenk.,  1960, 179, 336: Kauffmann, F., Kriiger,  L., Lttderitz,  O., 
and Westphal,  O., Zur Immunchemie der O-Antigene  yon Enterobacteriaceae 
VI.  Vergleich der Zuckerbausteine  yon Polysacchariden aus Salmonella-S-und 
R-Formen, Zentr. Bakteriol. Parasitenk.,  1961, 182, 57. 
Dewitt,  C. W.,  and Rowe,  J. A.,  Sialic  acids  (N,  7-O-diacetylneuraminic  acid 
and N-acetylneuraminic acid) in F_,schertchia colt I. Isolation and identification, 
J. Bacteriol., 1961, 82, 838:  Dewitt,  C.  W.,  and  Zell,  E.  A.,  Sialic acids  (N, 
7-O-diacetylneuraminic  acid  and  N-acetylneuraminic acid)  in Eschertchta colt 
II. Their presence on the cell surface and relationship  to K antigen, J. Bacteriol., 
1961, 82, 849. 
6.  Finland,  M., and  Curnen,  E.  C.,  Agglutinlns  for  human  erythrocytes in type 
XIV anti-pneumococcic  horse serums,  Science, 1938, 87, 417. 
Goebel,  W.  F.,  Beeson,  P.  B.,  and  Hoagland,  C.  L.,  Chemo-immunological 
studies  on  the  soluble  specific substance  of pneumococcus  IV.  The capsular 
polysaccharide of type X_IV pneumococcus  and its  relationship  to the  blood 
group A specific substance,  .7. Biol. Chem., 1939, 129, 455. 
Beeson, P. B., and  Goebel, W. F., The immunological  relationship  of the capsu- WALTIIER  ~F.  GOEBEL  AND  ANNE  MARIE  STAIYB  903 
lar polysaccharide to type XIV pneumococcus  to the blood group A specific 
substance,  J. Exp. Med.,  1939, 70, 239. 
Horsfall,  F.  L.,  The  characteristics  of  antipneumococcus  sera  produced  by 
various animal species, J. Baaeriol.,  1938, 3fi, 207. 
7.  Amano,  T.,  Goebel, W.  F.,  and Smidth, E.  M.,  Colicine KIII.  The immuno- 
logical properties of a substance having colicine K activity, J. Exp. Med.,  1958, 
108, 731. 
8.  Heidelberger,  M., and Kendall, F. E., A quantitative study of the precipitin reac- 
tion between type III pneumococcus  polysaccharide and purified  homologous 
antibody, J. Exp. Med.,  1929, 50, 809; A quantitative study of the precipitin 
reaction III. The reaction between crystalline egg albumin and its homologous 
antibody, Y. Exp. ]fled., 1935, 62, 697. 
9.  Fredericq, P., Sur la sp6cificit6 des actions  antibiotiques, Schweiz. Z. Path.  und. 
Bakt.,  1946, 9, 385. 
Fredericq,  P.,  Actions  antibiotiques  r~ciproques  chez  les  Enterobacteriaceae, 
Rev. Belge Path. et ]fled. Exp., 1948, 19, suppl. 4,1. 